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THE purpose of this article is to present some
/ / /- measured effects of the atmosphere on sonie-
-
y

-

boom ground-pressure signatures (that is, the
shapes of the pressure variation at the ground
due to the boom). These data were obtained dur-
ing the recent joint U. S. Air Forece—National
Aeronautics and Space Administration-Federal
Aviation Agency (USAF-NASA-FAA) sonic-
boom flight-test program.?

It is well-known that sonic booms are associated
with the shock waves generated by aireraft in
supersonic flight.? By way of review, the nature of
the sonie-boom pressure signature at ground level
can be seen in Fig. 1. The characteristic pressure
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/ ON SONIC'BOOM Fig. 1. Nature of sonic-boom pressure signature.

SURE SIGN ATU RES signature, as illustrated by the heavy line at the

bottom of the figure, is associated with the shoek-
wave pattern as it sweeps along the ground. Such
an idealized N waveform as this is hardly ever
realized in practice, since it may be affected by
considerations of airplane design and operation,
as well as by the atmosphere (cf. Ref. 2).

Some of the atmospheric factors that may affect
this wave in one way or another are pressure gra-
dient, humidity, wind velocity and direction, wind-
velocity gradient, temperature gradient, and turbu-
lence. The present tests have not been definitive
enough to evaluate all of these factors, so some are
discussed only briefly. The effect of temperature
gradient near the ground surface, along with the
associated turbulence, is considered in some detail.
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Test Arrangements

The test arrangements were similar to those re-
ported in reference 2, but are repeated here for
the sake of convenience and clarity. The area in
which the tests were conducted and the arrange-
ment of the test facilities and equipment are shown
in Fig. 2 (taken from Ref. 2). Flights were made
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Fig. 2. Arrangement of test facilities and equipment.

SCALE, MILES
e
o1zs3

in the vicinity of Edwards Air Force Base, Cali-
fornia, during September and Oectober of 1961.
Microphones were located in the vicinity of Rogers
Dry Lake and arranged in a ‘‘T’’-shaped array,
which had the approximate dimensions of 4 by 20
miles. The aireraft was directed on course by means
of the radar facility, and accurate tracking infor-
mation was obtained during each flight. Standard
rawinsonde information was obtained at 1000-ft
intervals up to the flight altitude prior to each test
flicht. Additional weather information for the
lower atmosphere was obtained by means of wire-
sonde equipment at 100-ft intervals up to about
1000 ft. Since the area was generally flat, as indi-
cated by the contouring, it was felt that possible
effects of terrain were minimized.

Ground-Pressure Measurements

The instrumentation array was used to record
the ground-pressure signatures over a range of
{light and atmospheric conditions along the flight
track and at various lateral distances out to about
20 miles. From the measured data, some effects of
the atmosphere on the pressure signatures, the peak
overpressures, and the lateral-spread patterns have
been determined.

PRESSURE SIGNATURES

One of the first experiments that was conducted
was to group a number of microphones together to
study the repeatability of measurements, where es-
sentially the same atmospherie conditions would be
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expected to exist for each measurement. The results
of these experiments are shown in Fig. 3 for seven
microphones that were grouped within an area of
about 1 square foot (sq ft). Each of the traces rep-
resents the measurement of the pressure signature
at the ground surface resulting from a steady-level
supersonic flight at about 41000 ft altitude. The
most obvious result is that all of these traces have
about the same shape. Furthermore, the variation
in the peak amplitudes was of the order of == 12%.
These signatures differ substantially from the ide-
alized N wavesignatures shown in the sketch of
Fig. 1; however, the instrumentation was adequate
to have recorded an N wave, had one existed. It
is believed that the peeculiar shape of the waves
shown can be attributed largely to effects of the
atmosphere ; this is discussed later.

For steady flight conditions, it would be expected
that the same pressure signature would exist at any
point along the ground track, provided atmospheric
effects were not significant. In order to obtain data
of this type, the microphones were spread out along
the ground track over a distance of about 2 miles
and the supersonic flights were repeated. The re-
sulting pressure signatures for two different flights
are shown in Fig. 4. The data are presented for
microphone locations separated by the reference
distances indicated in the figure. The pressure sig-
natures on the left were obtained during the morn-
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Fig. 3. Measured sonic-boom ground-pressure signatures
from microphones all at one location for a fighter aircraft
at Mach number 1.5 and 41 000 feet altitude.
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Fig. 4. Measured sonic-boom ground-pressure signatures

from microphones at axial locations along ground track

of fighter aircraft at @ Mach number of 1.9 and 51 000
feet altitude.

ing, whereas those on the right were obtained dur-
ing the afternoon for comparable flight conditions.

It may be seen that the pressure signatures of
the morning flights were consistently of the same
shape even though they were measured over a large
distance. Furthermore, these signatures resemble
the classical N waveshape. On the other hand, the
waveshapes obtained during the afternoon flights
at the same measuring stations differ in waveshape
in an erratic manner from station to station. The
most obvious difference in the atmospheric condi-
tions for these two flights was found to be the tem-
perature profile in the lower atmosphere as indi-
cated in Fig. 5.

Figure 5 shows temperature plotted against alti-
tude as determined from wiresonde and rawinsonde
soundings taken during the times of the flights.
The filled synibols represent the type of tempera-
ture profile existing for the morning flight of Fig.
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Fig. 5. Temperature profiles similar to those for the flights
of Figure 4.

4, whereas the open symbols apply to the afternoon
flight. It may be seen that the temperature condi-
tions of the upper atmosphere do not vary appre-
ciably during the morning and afternoon. On the
other hand, in the first few hundred feet of the
lower atmosphere, the temperature profile varies
markedly. In the morning, a temperature inversion
exists during which time the surface layer of the
atmosphere is quiescent. Later in the day, as the
surface temperature increases, the temperature
profile may change to the extent that a superadia-
batic lapse-rate condition can exist as indicated.
For such a temperature profile, the surface layer
of the atmosphere is inherently unstable and severe
thermal-induced turbulence may be generated.
There is a strong correlation between the type of
signature measured and the existing temperature
profile in the lower atmosphere. Consistent N wave
types of signatures were measured when the lower
atmosphere was quiescent, whereas erratic signa-
tures were measured when the lower atmosphere
was considered to be unstable. As a matter of fur-
ther information, surface winds tended to distort
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Fig. 6. Measured sonic-boom ground overpressures as a
function of altitude for fighter aircraft in steady-level
flight in the Mach number range 1.2-2.0.

the pressure signature, but the effects were not
nearly so pronounced as those for thermal-induced
turbulence.

PEAK OVERPRESSURES

Previously discussed changes in the pressure sig-
natures also result in changes in the peak overpres-
sures as defined in Fig. 6. As indicated in the sketch
of the figure, the peak overpressure Ap is the initial
pressure jump and is an indication of the intensity
of the sonic boom. These Ap values have been meas-
ured for a large number of flights and are plotted
in the figure as a function of altitude. Data are
included both for morning and afternoon flights
as indicated by the filled and open symbols, re-
spectively, and are compared with theoretical cal-
culations for the range of Mach numbers 1.2-2.0
(i.e., airplane velocities 1.2-2.0 times the velocity
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of sound). It is quite apparent from the figure that
the filled symbols of the morning flights fall more
nearly in line with the theory and, in general, ex-
hibit less scatter than the afternoon flights (open
symbols), which were made during the time during
which much thermal activity existed in the test
area.

WAVEFRONTS

In addition to the effects already discussed, the
atmospheric conditions also have an effect on the
speed of propagation of the shockwaves and, hence,
the shape of the lateral-spread patterns. Informa-
tion of this type was obtained by means of the
lateral measuring stations and is presented in Fig.
7 for two flights for which the atmospheric condi-
tions were different.

The bow shockwave from the airplane intersects
the ground plane in a manner indicated by the
sketch in the upper left of Fig. 7. The caleulated
ground-intersection curve on one side of the flight
track, from an aircraft flying in a homogeneous (no
wind, constant temperature) atmosphere at a Mach
number of 2 and at an altitude of 50000 ft, is
shown by the solid curve in the figure. It can be
seen that when the airplane is in the overhead po-
sition the calculated bow-wave intersection with
the ground plane is about 16 miles down the track.
Accurately’ measured arrival-time information
from stations at various distances y, perpendicular
to the ground track, interpreted in terms of dis-
tance z, parallel to the ground track, are also plot-
ted on the figure for comparison.

The filled points represent data obtained for a
headwind-gradient condition for which the maxi-
mum wind velocity at altitude 50000 feet was
about 50 feet per second (ft/sec). The open points
represent data for a tailwind gradient of about the
same magnitude. It is obvious from the figure that
the measured shapes of the wavefronts in the non-
homogeneous atmosphere did not differ markedly
from the wavefront calculated for the homogeneous
atmosphere, The measured wavefront, represented
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by the filled symbols, is located ahead of the wave-
front represented by the open symbols. This would
be expected since the wind and temperature ef-
fects are additive for a headwind condition and
tend to oppose each other for a tailwind condition.
The fact that both sets of data lie ahead of the cal-
culated curve suggests that wind effects are rela-
tively small for these tests as compared with other
effects of nonhomogeneity such as temperature gra-
dient. The differences shown are larger, however,
than can be accounted for by caleulations in which
attempts are made to include the effects of tem-
perature gradient.

As a matter of further information, the data of
the lower sketch are presented. These data were
obtained with the aid of a group of closely spaced
microphones over about a l-mile segment of the
range. Local translations of the wavefront of about
100 ft were observed over this l-mile distance.
These ‘‘ripples’’ in the wavefront are believed to
be associated with the variations of pressure sig-
nature previously discussed.

Sonie-boom ground-pressure signatures were ob-
tained for a wide variety of temperatures and wind
profiles in the lower atmosphere. The results indi-
cate a strong correlation between the peak over-
pressure and the type of signature measured, and
the existing temperature profile in the lower atmos-
phere. Consistent N wave types of signatures and
peak overpressure values were measured when the
lower atmosphere was quiescent, whereas relatively
large variations occurred when the lower atmos-
phere was judged to be unstable. The gross shapes
and locations of the wavefront ground-intersection
patterns compare fairly well with calculations,
although some local variations or ripples were
observed.
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Fig. 7. Effect of the atmosphere on the intersection of

the sonic-boom wavefront with the ground surface for an

aircraft in steady level flight at @ Mach number of 2.0
and 50 000 feet altitude.




